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PROSPECTING AND DEVELOPING COAL RESERVES
IN THE WESTERN INTERIOR COAL REGION
Charles E. Robertson
Missouri Geological Survey
Rolla, Missouri 65401

Abstract
Increased coal production in the Western Interior Coal Region is
anticipated. Development of coal resources in the region is,
however, beset by some serious problems including thin seams, high
sulfur content and dissection by pre-glacial and contemporaneous
stream channels. Problems frequently encountered in prospecting
and developing coal resources in the region are discussed.
INTRODUCTION

fields more than any other single factor.
Only the careful logging of drillholes
combined with a thorough knowledge of the
stratigraphy of coal-bearing strata in a
particular field can result in consistently
accurate correlations.

As the United States turns more and more
to coal as an energy resource, operators
are forced to look beyond the fringes of
existing coal fields for additional re
serves. Prospecting in new areas invaria
bly presents surprises and new problems.
Perplexing geologic problems invariably
confront all prospectors and are particu
larly bothersome to those new to a par
ticular area.
This paper anticipates increased coal pro
duction in the Western Interior Region in
the following decades and attempts to
alert prospective operators to geologic
problems likely to be encountered and to
offer possible solutions to these problems.
The geologic problems discussed are fre
quently encountered in prospecting and
developing coal resources in the Western
Interior Region. The author's field
experience is primarily restricted to the
coal fields of Missouri.
The geologic problems discussed may be
considered under the following major head
ings:
(1) correlation of coal seams, (2)
geologic characteristics of the coal
seams, (3) lithology of the host forma
tions, (4) geologic structure and (5)
buried stream channels.
CORRELATION OF COAL SEAMS
Perhaps miscorrelation or misidentifica
tion of coal seams in drillholes has con
tributed to misinterpretation of coal
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In Missouri, coal-bearing strata consist
primarily of alternating beds of shale,
sandstone, siltstone, limestone, clay and
coal. More than 40 coal beds have been
identified, but less than half of these
are known to have been mined. Of these,
only 13 are of sufficient thickness and
areal extent to be considered sources of
potentially mineable coal. They are (from
oldest to youngest) the Rowe, Drywood,
Weir-Pittsburg, Tebo, Mineral, Fleming,
Croweburg, Bevier, Wheeler, Mulky, Summit,
Lexington and Mulberry (fig. 1). The dis
tribution and characteristics of these
seams have been discussed in detail by
Robertson (1).
Coal seams may best be identified by their
relationship to associated strata such as
roof slates, cap rocks, underclays and
underlimestones. Characteristics of the
coal seams, themselves, such as persistent
partings or bands may aid in identification.
The Bevier seam, for example, rests di
rectly on a 2 to 5 foot thick underclay
above the nodular Ardmore limestone with no
limestone cap rock over the coal bed. The
Lexington, Summit, Mulky and Croweburg
seams are characterized by roof slates and
limestone cap rocks. Some seams and their
associated strata, such as the Summit and
Croweburg seams in Boone County, so much

resemble one another that their strati
graphic positions must be determined be
fore positive correlations can be made.
This can be done by identifying overly
ing and underlying formations. Downhole
geophysics may aid in coal seam identifi
cation in such cases. For example, the
Summit roof slate characteristically
gives a stronger gamma-ray kick than does
the Croweburg roof slate.
GEOLOGIC CHARACTERISTICS
OF THE COAL SEAMS
z

LU

o

O

T

COAL

z

p

in

lJ

<

0

A

Quality, overall seam thickness and
lateral persistence are obvious important
seam characteristics. Partings, slips,
pinchouts and irregularities in top and
bottom of the coal seam are also impor
tant.

a
<

Q.
=>

MULBERRY

a
15
^
t/’

-

~ ■

y

LEXINGTON

The tendency of a particular coal seam to
be irregular or persistent in thickness
must be given careful consideration in
planning prospecting or mining programs.
Some stratigraphically lower coal seams
in Missouri such as the Rowe and Drywood
are irregular in thickness over large
areas. The Tebo and Croweburg seams, on
the other hand, are characteristically
persistent in thickness over large areas.
Others such as the Mineral, Bevier and
Lexington are lenticular in some areas
and persistent in thickness in other
areas. The reasons for variability in
thickness are many, and some of them are
discussed in the following sections.
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All Missouri coals are high in sulfur con
tent and are high volatile bituminous in
rank. The quality of Missouri coal is
discussed by Robertson (2).
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Clay or rock partings are important in
coal seam identification and in some
instances may present serious mining and
quality control problems. The Lexington
is a good example of a Missouri coal seam
with a persistent clay parting. In
Lafayette County (fig. 2) where the
Lexington is 14 to 22 inches thick, a
persistent parting of pyritiferous shale
or clay less than one inch in thickness
occurs 3 to 5 inches above the bottom of
the bed. Under the coal in this area a
thin layer of very pyritiferous clay or
"sulfur" band occurs.
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In Putnam County where the Lexington is
somewhat thicker, an upper bench about
21 inches thick is separated from a lower
12 inch bench by a clay band which averages about 2 inches in thickness.
In
some localities a still lower 3 inch coal
bench, "Dutchman" bench, is separated from
the lower bench by a 1-inch clay parting.
These partings though thin contribute con-

Figure 1
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siderable ash to the mined product in
thin coal seams.
The Bevier seam in northern Missouri is a
prime example of an important coal seam
in which a very troublesome parting or
"bench-rock" occurs. Over large areas in
Macon and Randolph Counties the Bevier
seam consists of one upper bench 30 to 42
inches thick separated from a lower bench
12 to 15 inches thick by a clay parting
approximately 1 inch thick. In these
areas the parting presents no particular
mining problem.
In some localities, how
ever, the parting thickens to between 5
and 15 inches or more and presents serious
problems.
In such areas the usual pro
cedure is to mine the upper and lower
benches separately removing the clay part
ing prior to mining the lower bench. The
parting thickens rapidly to become a
"split" west of eastern Chariton County.
In m o s t o f w e s te rn M is s o u r i, th e u p p e r
a n d l o w e r b e n c h e s o f t h e B e v i e r se a m a r e
s e p a r a t e d b y 10 t o 20 f e e t o f r o c k a n d
a r e i n e f f e c t tw o s e p a r a t e c o a l s e a m s . I n
t h e s e a r e a s t h e u p p e r seam r e t a i n s t h e
nam e B e v ie r a n d t h e lo w e r seam i s c a l l e d
W h e e le r .
The s p l i t t i n g o f c o a l seam s in
t h i s m a n n e r i s s o m e t im e s a s e r i o u s o b s t a 
c l e t o m in in g b e c a u s e o n e t h i c k seam i s
r e p la c e d b y 2 t h i n seam s s e p a r a te d b y a
th ic k in t e r v a l o f ro c k .

Pinchouts are simply areas in which the
coal thins to a feather edge. Coal beds
may pinch out near the edges of the basins
of deposition, over horsebacks, beneath
roof-rolls, near contemporaneous stream
channels or they may be associated with
splits.
The irregularities in the top and bottom
of coal seams known as roof-rolls and
horsebacks are troublesome in some areas
in Missouri. Roof-rolls are merely a
local thickening of roof strata accompa
nied by a corresponding thinning of the
coal seam. Roof-rolls may be caused by
lenticles of shale projecting into the
top of the coal, gradation of the top of
the coal into carbonaceous shale or siltstone or commonly in Missouri projections
of channel deposits into the top of the
coal. Roof-rolls in some Missouri coal
fields are really small slips which allow
slippage of roof rock downward into the
coal seam. Horsebacks are rolls in the
floor which intrude upward into the coal
seam. Features which have been termed
horsebacks in some Missouri fields are
apparently clay seams associated with
slips.
Roof-rolls and horsebacks have the effect
of reducing seam thickness and introducing
foreign matter into the seam.

Slips are geologic faults of small dis
placement and if numerous and closely
spaced can cause serious problems in min
ing or loading coal. Numerous slips
result in vertical displacement of small
segments of the coal bed causing an uneven
surface. Highly inclined clay seams which
traverse both the coal bed and cap rock
are often associated with slips. Both
the clay seams and vertical displacement
of the coal bed can cause considerable
difficulty both in underground and surface
mining.
In underground mining the seam
is often "lost" across slips and the roof
is weakened.
In surface mining the un
even surface causes difficulty in cleaning
the coal surface during stripping resulting
in the loading of much shale with the coal.
Segments of the coal bed which protrude
downward into the underclay cannot be
loaded, thus reducing coal recovery. In
thin seams very little loss in recovery
can be tolerated. Slips are known to be
troublesome in some areas in the Lexington
seam in Putnam County, the Mulberry seam
in northern Bates County and in the Mulky
in Audrain and Montgomery Counties. Slips
are difficult to detect even by closely
spaced drilling. They appear to be
associated with certain structural and
paleoenvironmental settings, but much
remains to be learned about the distribu
tion of these troublesome features.
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LITHOLOGY OF HOST FORMATIONS
Familiarity with the lithology or physical
stratigraphy of the host formations can
provide important clues to the correla
tion of coal seams and sometimes to their
quality and lateral persistence.
By identifying marker beds which lie above
a buried coal seam the depth and elevation
of the seam may be estimated. Maps which
approximate structure on top of target
seams may be prepared by projecting down
ward from identifiable marker beds exposed
at the surface. Such maps provide valuable
aids in guiding drilling programs.
Identi
fication of channel deposits which are
likely to extend downward replacing underlying coal seams can be of importance in
areas where channelization is a problem.
Lateral facies changes in overlying strata
may provide clues as to the paleodepositional environment of the coal seam and
thus to its lateral distribution and
quality. There are indications that sul
fur content and irregularity in thickness
of the Mulberry seam in Bates County are
related to facies changes in overlying
strata. Although very little work has
been done on this concept in Missouri, it
could become of greater importance as
exploration shifts to deeper coal deposits
at sometime in the future.

GEOLOGIC STRUCTURE
Anyone who has any experience in Missouri
soon becomes aware that the popular notion
of coal beds in the Western Region being
prime examples of flat-lying "layer cake"
geology is erroneous. Anticlines, syn
clines, faults and nondescript troughs and
"basins" are ubiquitous in many of
Missouri's coal fields. Although dips are
not so steep nor structural amplitudes so
large as in Appalachian or Rocky Mountain
coal fields, the thin coal seams of the
area can quickly be lowered beyond the
reach of stripping operations by these
structures.
Failure to be aware of geologic structure
has caused considerable trouble in mining
as well as misinterpretation of drillhole
data in Missouri. A common drilling error
in Missouri is the expending of time and
money drilling in the cores of anticlines
in which the target coal seam has been
removed by erosion subsequent to folding.
Another common error related to geologic
structure is failure to drill deep enough
to reach the target seam in synclinal
areas.
Small, irregularly shaped basins which are
particularly troublesome in mining opera
tions have been encountered in at least
one coal field. Because of their small
lateral dimensions (sometimes 150-200 feet
in diameter) they are difficult to detect
by drilling.
In the center of these
basins the coal seam may be 20 to 30 feet
lower than anticipated on the basis of
drillhole information. This, of course,
causes an unexpected increase in the
stripping ratio. These small basins may
also be associated with the severe devel
opment of slips. Narrow troughs are often
encountered which also cause an abrupt
descent of the coal seam a few to perhaps
10 or 15 feet. Sometimes the extra strip
ping depths in these troughs is compen
sated by the presence of somewhat thicker
coal. Faulting and steep monoclines some
times abruptly lower the coal bed a few to
tens of feet. Besides being troublesome
in stripping, the fracturing associated
with such structures weakens the roof in
underground mining.
BURIED STREAM CHANNELS
Buried stream channels of Pennsylvanian
age dissect and replace coal seams in
several Missouri coal fields. The best
example of this type of channelization is
the Moberly-Warrensburg channel in north
ern and western Missouri. Along these
channels sandstone frequently replaces
underlying coal seams. Channeled areas
such as these are very discouraging to
explorationists because the drainage

patterns are difficult to reconstruct and
blocks of coal are difficult to delineate.
Nevertheless, blocks of coal remain in
these areas and successful mapping of the
buried stream systems would greatly aid in
development of these dissected coal fields.
Coal beds in northern Missouri and Iowa
fields are dissected in certain areas by
ancient stream systems filled with glacial
deposits. The complexity of these buried
drainage networks discourages mine develop
ment in some areas where sizable blocks of
coal may remain in interfluve areas. The
Missouri Geological Survey is undertaking
the mapping of these channels as a part of
its current mapping program in the Bevier
and Mendota coal fields.
AVOIDING THE PITFALLS
Geologic mapping. Coal seams are geologic
strata. Therefore, a good geologic map
properly interpreted provides many clues
to understanding the areal distribution of
coal seams and associated strata. Geologic
maps are available for many areas from
state and federal agencies.
Geologic mapping done especially for coal
exploration should display those aspects
of geology which are directly related to
coal exploration and mining. The cropline
of the coal seams should be clearly shown
to guide exploration drilling. Old under
ground workings and strip pits should be
showp. Sedimentary deposits, such as
channel fills, that may interfere with min
ing should be accurately delineated. Faults
and areas of thin or faulty coal should be
shown if they can be determined. During
the course of mapping good outcrop des
criptions of the coal seams and associated
strata should be prepared. These will aid
in the identification and correlation of
coal seams encountered during the drilling
program. Particular attention should be
given to the structure of coal seams in
cluding partings, sulfur bands and irregu
larities in roof and floor such as rolls,
horsebacks and slips.
Structural maps. Preliminary structural
contour maps showing the elevation of the
top of coal should be prepared for each
mineable seam. Fault and fracture zones
should also be shown. All available data
including outcrop data and old drillhole
and mine records should be integrated with
field investigations to form the data base
for map preparation. Because existing
data is always rare in the beginning stages
of an exploration program the technique of
estimating the depth of coal seams from
exposed overlying formations is the key to
the preparation of preliminary structural
maps. To do this it is necessary to be
able to correctly identify key marker beds
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These and many other clues to the geology
of coal seams will be discovered by the
careful observer.

and estimate the top of coal seams from
known intervals.
It must be kept in mind
that although maps prepared in this manner
can be extremely helpful in the initial
stages of the drilling program, they only
give first approximation of the true
structural framework. As drilling pro
gresses, the structural maps should be
continuously revised.

Although in its infancy at the present
time, the use of satellite imagery prom
ises to be an effective tool in geologic
mapping. Individual frames cover very
large areas and, therefore, features too
great in scale to be covered by individual
areal photos can be detected. Such fea
tures that are of interest to coal geolo
gists and engineers are large folds,
faults and fracture traces. The Missouri
Geological Survey is using satellite
imagery as an aide in mapping buried pre
glacial drainage channels. As various en
hancement techniques are developed, satel
lite imagery will become more and more
valuable as a geologic exploration tool.

Drilling. There is no substitute for core
drilling to determine the depth, thickness
and quality of coal seams. If feasible,
some continuous core holes should be
drilled from the top of bedrock through
the target coal seam. This type of coring
provides invaluable information on the
nature of overlying strata, stratigraphic
intervals and facilitates positive identi
fication of coal seams. Often, however,
the cost of continuous coring is prohibi
tive. It then becomes necessary to drill
to near the top of the coal bed with a
rock bit and then core the coal-bearing
interval. When this procedure is used
the driller should be encouraged to keep
an accurate log of the strata penetrated
and to save cuttings for laboratory
examination. This provides the geologist
or engineer with the information he needs
to make more positive coal seam identifi
cations .

APPLICATIONS IN UNDEVELOPED DISTRICTS
Undeveloped coal districts in Missouri
which are illustrative of geologic prob
lems are discussed in the following para
graphs .
Undeveloped blocks of coal exist in the
Bevier and Mulky seams in northwest Macon
County and northeast Chariton County.
Dissection of the coal seams by buried
pre-glacial stream channels makes explora
tion difficult and expensive. The
Missouri Geological Survey is presently
mapping the buried stream channels thereby
hoping to block out interfluve areas for
drilling.

It is sometimes impractical to core drill
every hole because of expense. The al
ternative method is prospecting with a
rock bit relying on the driller's skill to
determine the elevation and thickness of
the coal bed. This is not a very satis
factory method since some rocks such as
roof slates and carbonaceous shales cut
like coal and the driller can easily over
estimate the thickness of coal seams or
miscorrelate the strata thus penetrated.
This is especially true in new areas in
which the driller is unacquainted with the
nature of the coal seams and associated
strata. The problem of erroneous thick
ness estimations and correlations can be
overcome to a great extent by a combina
tion of accurate drillers logs, logging of
cuttings and downhole geophysical logging.
In Missouri a combination of gamma ray,
density and resistivity logging often
gives satisfactory results. An occasional
core hole is still a must in any drilling
program, however.

The southern extension of the Bevier field
into
southern Randolph and Howard
Counties is complicated by folding and
faulting related to the prominent Brown's
Station anticline which extends into the
northeast corner of Howard County.
It is
hoped that in the near future detailed
geologic maps will be available to aid in
development of this potentially important
field.
Structure in the form of folding and fault
ing and pre-glacial channeling complicate
exploration and mining in the Mendota
field in Putnam County. Slips and rolls
are troublesome in the Mulberry seam in
northern Bates County.
A large area of undeveloped coal deposits
in the Rowe and Drywood seams extends
across parts of Barton, Dade, Cedar,
St. Clair and Henry Counties in western
Missouri. The discontinuous and lenticu
lar nature of these seams has discouraged
mining in the area. However, much coal
remains; and as more desirable deposits
are mined and committed to contracts,
attention will eventually turn to these
areas. Closely spaced drilling is

Remote sensing. Aerial photographs are
very helpfulin geologic mapping in the
Western Interior Region. Small abandoned
strip pits which mark coal croplines are
easily detected. Locations of abandoned
shafts and drifts are often indicated by
spoil piles. Sharp folds and faults often
appear as long narrow lines or cuestas
which can easily be detected when the
photographs are viewed stereoscopically.
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necessary to accurately determine size
and distribution of individual pods of
coal. Mining plans must be devised to^
account for the discontinuous and lenticu
lar nature of these coal seams.
In the Cainsville-Princeton area in
Harrison and Mercer Counties, a potential
coal reserve of 400 million tons recover
able by underground methods occurs in
seams 42 inches or greater in thickness.
This potential mining district is, how
ever, not without attendant geologic prob
lems. Preliminary drilling indicates the
presence of geologic structure in the form
of anticlines and synclines. Some of the
coal seams appear to be somewhat lenticu
lar and are replaced in some localities
by channel deposits. One of the more im
portant seams has a parting which thick
ens substantially in some localities.
These and other problems must be given
thorough consideration before mining in
this potential district becomes a reality.
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Favorable geologic conditions offset the
thin character of coal seams in two areas
in Missouri. The Lexington seam varies
in thickness from 21 to 34 inches over
wide areas in Ray and Clay Counties. While
this is too thin to encourage underground
mining at today's prices, a combination
of good roof and lateral persistency of
the coal seam has allowed extensive under
ground mining in the past. With an im
provement in the coal market and ^improved
thin-seam mining technology, mining might
be resumed in this coal field at some fu
ture date.
A similar situation exists in Linn County
and parts of Adair and Macon Counties.
There the Croweburg seam varies in thick
ness from 21 to 36 inches beneath a
reportedly good roof.
CONCLUSIONS
Carefully planned prospecting programs
including geologic mapping, interpretation
of aerial photographs and satellite imag
ery and more careful logging of drillholes
can help avoid many potential pitfalls
and provide a sound data base for develop
mental planning. Downhole geophysics
should supplement drilling when rock bits
are used.
Careful attention to the geologic princi
ples discussed in this paper can help in
understanding difficulties encountered in
prospecting and developing coal fields in
the Western Interior Region.
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